Eugenia species are well known for their great economic potential as edible fruits. The leaves of 4 Eugenia biflora specimens (Ebi-1 to Ebi-4) were sampled in the Caratateua Island, Pará state, Brazilian Amazon. Then, the essential oils were hydrodistilled, analyzed by gas chromatography (GC) and GC mass spectroscopy, and their volatile compositions submitted to multivariate analysis (principal component analysis and hierarchical cluster analysis). Ebi-1 and Ebi-2 specimens were classified in the caryophyllene group, with significant content for the sesquiterpenes (E)-caryophyllene (16.8% and 11.4%) and caryophyllene oxide (28.6% and 20.5%). Ebi-3 specimen was grouped into the cadinane group, characterized by the presence of α-cadinol (14.7%), an oxygenated sesquiterpene. EBI-4 specimen was inserted into the aromadendrane group, with the predominance of the sesquiterpenes globulol (9.8%), germacrene B (7.9%), and γ-elemene (3.1%). Based on the results, a remarkable chemical variability was observed in the oils of Eugenia biflora with occurrence in Pará state, North Brazil. This work is presenting for the first time its caryophyllene, cadinane, and aromadendrane profiles.
Myrtaceae consists of 144 genera and 6019 species distributed mainly in the Southern Hemisphere with particular emphasis in Australia and South America. 1, 2 Among the genera that belong to this family, Eugenia has one of the most significant numbers of species, which corresponds to approximately 1000 species. 3 Species of the genus Eugenia are well known for their great economic potential evidenced by the commercial exploitation of edible fruits, woods, and essential oils and by their use as ornamental plants. Besides this, many taxa are employed in the traditional medicine of tropical and subtropical regions around the world. [4] [5] [6] Essential oils produced by some species of Eugenia from the Amazon have critical pharmacological applications because of their biological activities. For instance, E. uniflora has antioxidant, antimicrobial, and antitumor potential, [7] [8] [9] and E. egensis, E. flavescens, E. patrisii, and E. polystachya have cytotoxic effects. 10 The species Eugenia biflora (L.) DC. (syn. E. acuminatissima Miq., E. alfaroana Standl., E. amanuensis Steyerm.), popularly known as "Vassourinha," "Murta," or "Pedra-hume-caá", [11] [12] [13] is distributed in North, Central, and South America. The plant is native and not endemic to Brazil, occurring in Northern (Acre, Amazonas, Amapá, Pará, Rondônia, Roraima, and Tocantins states), Northeastern (Maranhão, Piauí states), and Midwestern (Goiás, Mato Grosso do Sul, Mato Grosso states) regions. 13 E. biflora is a shrub that can grow to a height of 0.5-3.0 m. The species has elliptical, oval-lanceolate-shaped leaves with flat margins and grooved midribs on the adaxial surface, while its inflorescences are raceme type, solitary, or overlapping, axillary or terminal, with rachis of 4-27 mm. The flowers have a persistent nonshowy bract, and its fruits present a globular, ellipsoid shape with a smooth surface. 13 The plant is employed by traditional Amazonian communities to treat diarrhea, thrush, intestinal inflammation, and hemorrhages. 12, 14 The light petroleum extracts from leaves were rich in β-amyrin and eucalyptin, 11 showing antimicrobial activity, which also emphasizes its pharmacological potential. 12 There is only 1 study of leaf essential oils of E. biflora previously reported, which was collected in the municipality of Maracanã, State of Pará, showing a high content of α-and β-pinene and (E)-caryophyllene. 15 Based on the species potential, the present study aimed to investigate the variability of the chemical composition of different specimens that occur in the Brazilian Amazon, to contribute to the knowledge of its chemotaxonomy.
E. biflora belongs to the group of plants known in the Amazon as "Pedra-hume-caá" (pedra-hume means alumen and caá means leaf in Tupi-Guarani language). The group comprises, in addition to E. biflora, the species Myrcia multiflora and Myrcia sylvatica. These 3 species have a broad pharmacological application and generate income in traditional communities because of their cultivation and commercialization. 12 Four specimens of E. biflora were collected and showed distinct chemical composition for their essential oils (Table 1) . These oils were light yellow with a woody odor and presented yields of 0.4% to Ebi-1, 0.3% to Ebi-2 and Ebi-4, and 0.2% to Ebi-3 samples ( Table 1) . The quantification and identification by gas chromatography (GC) and gas chromatography mass spectroscopy (GC-MS) presented 78 constituents in the oils of the specimens, representing an average of 92.1% of the total oils content ( Table 2 ). In oils, oxygenated sesquiterpenes (48.0%-74.1%) and sesquiterpene hydrocarbons (19.0%-45.6%) predominated. Monoterpenes were not identified in the oils. The compounds caryophyllene oxide (0.5%-28.6%), (E)-caryophyllene (1.8%-16.8%), α-cadinol (6.2%-14.7%), globulol (0.3%-9.8%), and epi-α-murrolol (4.0%-8.4%) were the main constituents.
To classify the oils, a multivariate analysis (principal component analysis, PCA, and hierarchical cluster analysis) was applied using the chemical components (>3%) as variables ( Figures 1 and 2) . The PCA explained 92.7% of the total data variability. The component PC1 explained 56.0% and displayed positive correlations with the variables α-muurolol, copaborneol, α-cadinol, epi-α-cadinol, spathulenol, viridiflorol, γ-elemene, germacrene B, and globulol. The component PC2 explained 36.7% and showed a positive correlation with the compounds caryophyllene oxide, 1-epicubenol, (E)-nerolidol, epi-α-murrolol, α-muurolol, copaborneol, α-cadinol, epi-α-cadinol, and spathulenol.
The specimens Ebi-1 and Ebi-2 were grouped in the caryophyllene group due to its significant content of the sesquiterpenes, (E)-caryophyllene (16.8% and 11.4%), and caryophyllene oxide (28.6% and 20.5%). The specimen Ebi-3 was grouped into the cadinane group characterized by the oxygenated sesquiterpene α-cadinol (14.7%). The specimen Ebi-4 was grouped into the aromadendrane group with the predominance of the sesquiterpenes globulol (9.8%), germacrene B (7.9%), spathulenol (4.5%) and viridiflorol (3.5%) ( Figure 2 ).
The sesquiterpenes (E)-caryophyllene and caryophyllene oxide are found in a significant number of plant species. These compounds have a significant anticancer activity, which affects the growth and proliferation of numerous tumor lineages, with low antioxidant activity. 18 Two different chemical profiles of E. biflora, collected in Pará state, were described by Pereira and coworkers. 15 The first one was characterized by the presence of the sesquiterpene hydrocarbon (E)-caryophyllene (15.36%), however, with the absence of caryophyllene oxide. The second profile was characterized by the presence of the monoterpene hydrocarbons α-and β-pinene, with contents of 27.34% and 27.85%, respectively.
Species of Eugenia from the Amazon have shown significant intraspecific chemical variation. Leaf essential oils from E. protenta, collected from Northeastern Pará State, were rich in sesquiterpene hydrocarbons, such as germacrene D, β-elemene, δ-cadinene, or keto-phenolic ethers, as dimethylxanthoxylin. 19 Similarly, oils of E. flavescens, from different regions of Pará State, were rich in sesquiterpenes with the germacrane skeleton (germacrene D and bicyclogermacrene), or the bisabolane skeleton (β-, (E)-iso-γand (E)-γ-bisabolene) 10,15. Additionally, oils of E. patrisii were characterized by (2E,6Z)-farnesol (23.2%) and (2E,6E)-farnesol (34.5%), or by a mixture of sesquiterpene hydrocarbons characterized by the presence of transcadina-1,4-diene (16.5%), transmuurola-3,5diene (13.3%), (E)-caryophyllene (11.1%), and α-cubebene (9.8%), as its main compounds. 10, 15 
Conclusion
At least 5 E. biflora profiles are occurring in the State of Pará, at Brazilian Amazon. In the oils of these profiles oxygenated sesquiterpenes and sesquiterpene hydrocarbons predominated. 16 and FFNSC 2/Mondello. 17 Retention indices were calculated using nalkane standard solutions (C8-C40, Sigma-Aldrich, St. Louis, MO, USA) in the same chromatographic conditions. 21 GC flame ionization detector (FID) analysis was carried out on a Shimadzu QP-2010 instrument equipped with an FID detector in the same conditions, except that hydrogen was used as the carrier gas. The oil constituents percentual was computed from GC-FID peak areas.
Statistical Analysis
The multivariate analysis was performed by using as variables the constituents of oils with content above 3.0%. The data matrix was standardized by subtracting the mean and then dividing it by the SD. For hierarchical cluster analysis, the complete linkage method and the Euclidean distance were used. All analyses were performed using the software Minitab (free 390 version, Minitab Inc., State College, PA, USA).
